Abstract Purpose: To assess the antiviral efficiency of β-D-glucan (BDG) on human liver cell line (WRL68) infected with dengue virus (DENV).
INTRODUCTION
Dengue is a transmittable fastidious disease caused by four different types of dengue viruses (DENV1, DENV-2, DENV-3 and DENV-4), is spread by mosquito bite. DENV is an RNA virus belonging to family Flaviviridae and genus Flavivirus. In humans, DENV is transmitted by the mosquito of female Aedes. The virus is widely spread in the tropical and subtropical regions; however, the entire global human population is at risk [1] . Malaysia accounts for approximately 3.6 % of the fatality rate of DENV infections [2] . Most deaths resulting from DENV infections occur after the following sequence of stages: mild infection, severe haemorrhagic fever, and shock syndrome [3] .
Patients with DENV infection usually present with no symptoms or few clinical symptoms. The clinical symptoms include abdominal pain, fluid accumulation, vomiting, and liver enlargement with a simultaneous decrease in platelet count. Severe forms of DENV infections result in haemorrhage or organ dysfunction [4] . DENVs can multiply rapidly and produce dangerous cytopathogenic effects (CPEs) in various types of liver cell lines [5] . DENVs adversely affect hepar's activity, showed by hepatomegaly, aberration of enzyme in liver cells, hepatic breakdown, and histological alterations [6] [7] [8] [9] .
BDG is also known as an immunomodulator or biological response modifier. Glucans are naturally occurring polysaccharides formed through combination of bioactive molecules. The preserved form of glucans consists of glucose molecules and diverse carbohydrates which also make up the cell wall's structural constituents [10] . The biological properties of glucans have been well documented. They have been documented to potentiate immunity, prevent the proliferation of cancer cells, and reduce stress, and reduce cholesterol levels [11] . In a swine model, glucans have also been shown to be effective against influenza infection [12] .
Despite the identification of numerous cases of DENV infections and their severity, no treatment options and vaccines are currently available to treat these infections. Hence, recognising the signs and providing necessary treatment options are crucial steps for reducing the risk of death [13] . Proteins that are necessary in the DENV life cycle can be assumed to be potent therapeutic agents for vaccine development; this could be an effective method for discovering the bioactive constituents against the virulence of flaviviruses [14] . Thus, this research was aimed to investigate the antiviral activity of BDG in human liver cells (WRL68) infected with DENV.
EXPERIMENTAL Cell culture and viruses
The human hepatic cell line WRL68 was obtained from American Type Culture Collection (ATCC) and cultured in the Department of Anatomy, Medical College, Hebei University of Engineering, China. The cell line was subcultured in a 5 % CO 2 incubator and sustained at 37°C. Before performing the experiment, the cells were plated in 24-well plate at 3 × 10 3 cells/well in 0.2 mL of a Roswell Park Memorial Institute 1640 medium solution (1 % penicillin-streptomycin and 10% fetal bovine serum) and were incubated for 24 h in a CO 2 incubator at 37 °C [15] . DENV-2 strain was obtained from ATCC® VR-24™ and cultured in human liver cells (WRL68) and the viral titers were affirmed through cellular cytopathogenic effect observation. The viral stock was kept at −80 °C till further need.
BDG stock preparation
Dimethyl sulfoxide (DMSO) was used to dilute BDG (Sigma-Aldrich, USA) to prepare a stock concentration (1 mg/mL) and kept at −20°C till further need.
Assessment of cytotoxicity
Cells were plated at a concentration of 1×10 5 cells /mL in 96-well plates. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was quantitatively carried out through colorimetric detection. The seeded cells were incubated at 37°C for 24 h until subconfluence was observed. Different amounts of BDG were added (to obtain the concentration range 100-600 μg/mL) and incubated for 72 h after the growth medium was removed. Fifty µL thiazolyl blue tetrazolium bromide solution (Sigma-Aldrich, USA) was added to the cell culture and incubated for 2 -4 h. The resulting formazan was diluted in DMSO and quantified at 490 nm. The cytotoxic concentration at which the compound can cause death in 50 % of the viable cells in the host was determined using concentration-response curves based on absorbance (A) as in Eq 1. where At and Au are the absorbance of treated and untreated cells, respectively.
Solid-phase virus binding assay
The chemical attraction among BDG and DENV-2 was assessed through the solid-phase virusbinding assay [16] with minor modifications. Phosphate-buffered BDG was immobilised overnight on microfibre plates. The plates were blocked with phosphate-buffered saline (PBS) comprising 5% bovine serum albumin and incubated at 28°C for 2 h with a solution of purified virus (5 µg/well). The plates were washed with anti-DENV human antiserum, and then with HRP-conjugated anti-human immunoglobulin. Then, the plates were incubated for 1 h at 28°C. The complexes formed were detected after o-phenylenediamine incubation. BDG without purified virus was used as control in this test. The optical density reading was taken at 492 nm.
Plaque reduction assay
Plaque reduction assay (PRA) was used to measure the antiviral activity of BDG [17] . The confluent WRL68 cell line was infected with DENV-2 for 2 h. Later, the cells were rinsed twice using PBS and coated with 1.2 % agarose at 42 -45 °C, containing Dulbecco modified eagle medium with BDG at different concentrations then incubated for 2-5 days. The fixative used was 10% formalin, and 1% crystal violet solution was used to stain the cells. Number of plaque was manually counted while viral inhibition was determined as in Eq 2.
Viral inhibition (%) = {(Npv-Npt)/Npv}100 …… (2) where Npv is the number of plaque virus and Npt is Number of plaque tested.
Statistical analysis
Statistical analysis was determined using the SPSS 13.0 software. Tukey's multiple comparison tests was utilized to contrast with varying treatments, and the significance level was fixed at p < 0.05. The outcomes were exerted as mean ± standard deviation (n = 3).
RESULTS

Cellular toxicity
The toxicological effects of BDG were determined using the MTT proliferation experiment. Figure 1 shows that the proliferation of the WRL68 cells remains unaffected in the presence of BDG; hence the cytotoxic effect of BDG is minimal.
The cytotoxicity of BDG in the WRL68 cells was evaluated at varying concentrations in the range 100-600 μg/mL for 24, 48, and 72 h. The cytotoxic effects of BDG on the WRL68 cells increased with the time of exposure and concentration.
The cells treated with the highest concentration of BDG (600 µg/mL) for 24, 48, and 72 h exhibited 50, 55 and 60 % cell viability, respectively. From Figure 1 , BDG exhibited dose-dependent cell toxicity and reduced the cell viability in the WRL68 cells. The time-dependent cell toxicity observed at 72 h displays the lowest cell viability at varying concentrations (0, 100, 200, 300, 400, 500 and 600 µg/mL) of BDG. BDG exhibited a strong antiviral activity when incubated with virus-infected cells. BDG inhibited viral activity at different concentrations. The strongest antiviral effect was exhibited at the concentration of 400 µg/mL. The measurement of antiviral activity at different time intervals (24, 48 , and 72 h) also exhibited the best effect at the concentration of 400 µg/mL as shown in Figure  2 . Hence, 400 μg/mL of BDG is the optimal concentration exhibiting strong antiviral effect on DENV. 
Affinity between DENV-2 and BDG
The chemical affinity between DENV-2 and BDG was assessed via the solid-phase virus-binding assay. The control, only BDG (in absence viral extract) and BDG with the viral extract were immobilized in a microtitre plate and treated with human anti-DENV serum and measured at a wavelength of 492 nm. Aberrant readings were detected in the control wells, whereas the other wells (containing BDG with the viral extract) exhibited an absorbance of 0.32. The binding assay results indicate that BDG binding to DENV-2 may be liable for the inhibitory effects of BDG.
Assessment of antiviral effects of BDG by PRA
We observed a significant difference among different doses of incubation with the infected cell line. On post-infection day 5, in the control, the DENV plaques overlay each other; hence, counting the number of plaques was difficult. The BDG-treated plaques were countable. The DENV-2 serotypes exhibited different size and plague morphology. Under optimised PRA conditions, all the plaques were easily counted. This experiment demonstrates a linear relationship between virus and BDG. At 400 μg/mL, BDG showed least plaque production, which implied the maximum inhibition rate (Figure 3) . The reduction in plaque number established that BDG exhibited DENV-2 neutralisation activity. 
DISCUSSION
Drugs that can act towards DENV emphasizes the prospect to stop and decrease the severity of DENV infections. An anti-DENV drug should meet several necessities, for example it should have an intact profile, no toxicity, a convenient route for administration, stability, a long shelf life, and a low price. The drug should be effective towards different types of DENV in both symptomatic and asymptomatic infections [18] . Therefore, the demand for DENV-specific antiviral drugs is high, and the development of these drugs is prioritized. Developing such antiviral drugs might enable worldwide prevention of DENV infections. Glucans can boost immunity, and they are found to be highly potent against bacteria and viruses [19] .
BDG pre-treatment enhanced the activity of leucocytes in patients with DENV infections [20] . BDG pre-treatment was likewise found to decrease the occurrence of pneumonia, and BDG acts against bacterial infections exerting a bacteriostatic and bactericidal effect on Escherichia coli and Staphylococcus aureus, respectively.
The polysaccharide BDG can also inhibit herpes simplex virus-1. BDG can stimulate natural killer cells; hence, it acts as an effective antiviral agent [21] .The disparity effects of BDG in inhibiting the replication of DENV2 were determined using the MTT, solid-phase binding, and plaque neutralization assays. The concentration and time dependent effects of BDG suggest that the capacity of BDG against DENV is higher than the activities of therapeutic drugs. Deviations in cell viability often result from degenerative changes known as CPE, which occur at long exposure times and high doses, as in the case of 600 μg/mL BDG.
The MTT assay depends on the conversion of tetrazolium salts into formazans. The test is easy to execute, highly accurate, and reliable despite some minor limitations in the presence of metabolic disturbances.
High cell mortality was observed when cells of the human liver cell line WRL68 were infected with DENV. Extend of cell destruction differs with viral species and cell lines; and it is determined using the MTT assay at an absorbance of 490 nm. Some virus populations cause few or no CPEs, while others can destroy the entire cell population. The characteristics of DENV-2 can be observed by routine analysis of cultures. Infected cells treated with BDG at 400 μg/mL exhibited an increase in cell viability, whereas those cells treated with 600 μg/mL reduced the number of viable cells, which might be due to the CPE of BDG itself.
At 400 μg/mL, BDG showed antiviral activity against DENV-2 infected cells, which is consistent with earlier findings [22] . The polysaccharide was reported to effectively inhibit the replication of DENV [17] .
The solid-phase binding assay, which is used to identify specific in-vitro protein-protein interactions, is a sensitive method that requires the use of specific antigen and antibodies [23] . The use of entry inhibitors of enveloped viruses might be an effective strategy for therapeutic intervention.
Since the inhibitor acts extracellularly, it facilitates access and limits cell toxicity [24] . Previously polysaccharides have been reported to possess antiviral effects on DENV via attaching to the viral substance [17] . In this current research, BDG was found to bind strongly to the viral supernatant; the binding might be due to its antiviral activity. Natural polysaccharides that are structurally similar to heparin sulfate (HS), the receptor molecule of DENV-2 [25] , are powerful inhibitors of DENV infection [26] . Structurally similar polysaccharides tend to compete with HS for the binding site on DENV-2, thus preventing DENV-2 from entering into the cell [27] . Large-scale clinical trials are being conducted worldwide to diagnose DENV infections. Therefore, identifying a reliable anti-DENV drug, evaluating its immune response, and assessing its antiviral activity are crucial steps in preventing the spread of DENV infections.
However various tests are available to evaluate immunological responses, a difference was observed in their sensitivity and specificity, as seen in the haemagglutination inhibition assay [28] . The complement fixation test is highly specific to DENV infections, and it requires an easily available DENV-specific immunoglobulin [29] . ELISA performed for dengue is not specific for a serotype, because it is only a measure of the capacity of an antibody to bind to DENV and not the capacity to neutralize DENV. Hence, the PRA is considered the golden standard for measuring antibodies that neutralize the DENV [30] .
The PRA results of BDG at 400 μg/mL shows a more significant reduction in the percentage of plaque counts with other concentrations and against untreated infected cell. BDG might function act as an effective antiviral drug by directing virus synthesis-related proteins that are involved in the replication cycle. BDG markedly inhibits the replication of the DENV in the WLR68 cells. Previous studies have revealed that various parts and extracts of medicinal plants are useful for treating DENV infections. However, unexplored plants might also contain numerous therapeutic substances. Hence, this creates the necessity to develop new therapeutic anti-DENV drugs with low cytotoxicity. Therefore, BDG may act as a potent therapeutic drug target against various stereotypes of DENV. Target-specific action of a drug at appropriate stages of virus lifecycle might facilitate in preventing the spread of viral infections, and it might also provide insights on crucial areas of DENV research in the near future.
CONCLUSION
The findings of this study indicate that administering BDG treatment to patients with DENV infections at the appropriate time and stage can protect the cells against DENV infections and inhibit viral replication. The mechanism by which BDG inhibits replication and protects against DENV requires further exploration. Thus, BDG may serve as an effective immunomodulatory agent against DENV infection and replication.
